In 18 immature mongrel dogs (3-4 weeks of age), anesthetized with chloralose and morphine, the hearts were arrested with potassium chloride and excised. After reproducible curves relating pressure and volume in the left ventricle (LV) had been obtained, each LV was fixed by coronary perfusion with glutaraldehyde while pressure was maintained at a predetermined value between 0 and 30 mm Hg. Midwall sarcomere length in the LV free was determined by electron microscopy and was related to fixation pressure and to postfixation volume by silastic casts. Casts also were used to measure ventricular chamber dimensions. Results were compared with previous results for adult dogs. In the immature canine LV, the relation of sarcomere length and pressure is similar to that of the adult dog at physiological pressures. Above IS mm Hg, sarcomeres resist stretch significantly with immature LVs fixed between 15 and 30 mm Hg pressure with an average sarcomere length of 2.21 ± 0.05 fim in contrast to adult sarcomere length of 2.33 ± 0.01 Jim (P < 0.05). In the immature heart, electron microscopy demonstrated reduced cell size and evidence of assembly of immature sarcomeres from myofilaments. Compliance is reduced in the immature canine LV at pressures greater than 5 mm Hg as demonstrated in pressure-volume curves analyzed by exponential curve fitting. Measurements of silastic casts indicate a close geometric similarity between the immature and adult LV. Thus, whereas the ultrastructural limits on performance are similar in the adult and immature canine LV, the latter LV may be better protected against damage from volume overloads. Ore Res 44: 879-691, 1979 From the * Silastic® Brand A RTV mold-making rubber, Dow Coming Corporation.
THE SLIDING filament hypothesis (Huxley and Hanson, 1954; Huxley and Niedergerke, 1954) of muscular contraction is based on the concept that the sarcomere is the basic ultrastructural unit of contraction in striated muscle (Huxley, 1960) . The varying degree of thin and thick actin and myosin contractile protein filament overlap is dependent on sarcomere length, as is the number of forcegenerating attachments. Thus the hypothesis previously has been used to explain both changes in banding patterns and the relationship between active tension and sarcomere length in skeletal muscle (Carlson et al., 1961; Gordon et al., 1966) , papillary muscle (Sonnenblick, 1963) , and in the intact left (Spotnitz et al., 1966) and right (Leyton et al., 1971) mammalian ventricles. Length-dependent changes in activation have been evaluated (Fabiato and Fabiato, 1975) and also may play a role in the relationship between active tension and sarcomere length (Jewell, 1977) .
Previous observations in adult dogs have suggested that the ultrastructural constraints on ventricular performance are provided by the relationship of sarcomere length to end-distolic pressure (Spotnitz et al., 1966; Leyton et al., 1971) . Specifically, the optimal myocardial sarcomere length for force generation at midwall in the left ventricle is achieved at an end-diastolic pressure of approximately 12 mm Hg (Spotnitz et al., 1966) when a sarcomere length of about 2.2 jun is obtained. With further increments in intraventricular volume, substantial increments in pressure occur with only minor increases in sarcomere length.
The relationship of filling pressure and volume has been studied in the immature and mature hearts of several different species with apparently conflicting results (Friedman, 1972; Korecky et aL, 1974; Lee and Downing, 1974; Mirsky, 1976; Romero et al., 1972; Templeton et al., 1975) . However, the ultrastructural limits to ventricular performance in the immature heart have not been defined. Therefore, the objective of this study was to investigate the relationship of sarcomere length to diastolic pressure and volume in the left ventricle of imma-VOL. 44, No. 5, MAY 1979 ture dogs for comparison with data previously obtained in adult dogs Spotnitz et al., 1966) .
Methods
Fresh hearts were removed from 18 immature mongrel dogs anesthetized with morphine (1 mg/ kg) and chloralose (50 mgAg)-The immature dogs were 3-4 weeks in age and weighed 1.4-1.9 kg. Animals were maintained on 100% oxygen with a volume respirator (Harvard Apparatus Co.) while a left thoracotomy was performed. Hearts were arrested acutely with 5 ml of KC1 (1 mEq/ml) introduced through a catheter in the right atrium. They then were excised rapidly and cannulated. A catheter was placed through the proximal aorta in the LV to measure left ventricular pressure. A second catheter was placed in the LV through the left atrial appendage and used to introduce known volumes of normal saline. The right ventricle then was opened widely and the heart was mounted for determination of pressure-volume curves as shown in Figure 1 . Pressures were determined with a strain gauge (Statham P-23Db) and were recorded on an oscillograph (Electronics for Medicine model DR-8) while saline was injected in 0.5-ml increments. FIGURE 1 Technique for pressure-volume curves in the immature left ventricle (LV). A catheter is positioned in the LV via the proximal aorta for pressure measurements. A second catheter passed into the LV via the left atrial appendage is used to introduce known volumes of normal saline. A column of fluid of fixed height in the external reservoir is used to maintain constant pressure during fixation. Venting of the right ventricle (RV) prevents compression of the septum by entrapped fluid. Recovery of injected volume was used as a test for leaks. Peak pressure was 30 mm Hg to minimize stress relaxation. Reproducibility of pressure-volume curves was tested against a standard of ±3 mm Hg peak pressure at maximal volume infusion.
After reproducible curves relating pressure and volume had been obtained, the hearts were fixed by perfusion of the coronary arteries with 2.5% glutaraldehyde in phosphate buffer at pH 7.4. The glutaraldehyde was introduced into the branches of the left coronary artery with a fine needle while ventricular pressure was maintained at a fixed level by a column of fluid in an external reservoir ( Fig. 1) . Fixation pressures were arbitrarily selected between 0 and 30 mm Hg. After initial fixation, the ventricles were immersed in fixative for about 18 hours. The left ventricular weight then was determined after removing the atria at the atrioventricular groove and separating the entire free wall of the right ventricle. Silastic* caste were used to determine left ventricular fixation volume. Measurements of left ventricular geometry were obtained, as shown in Figure 2 , by techniques previously described . A small pie slice of tissue was removed from the mid anterior free wall for processing and electron microscopic analysis. The tissue was then placed successively in buffered 1% OsO< for postfixation, increasing concentrations of acetone for dehydration, potassium permanganate and uranyl acetate for postfixation staining, and finally in Araldite for embedding. Details of the process of fixation and tissue preparation for electron microscopy have been described (Sonnenblick et al., 1963) . Phase contrast microscopy of thick sections was used to orient the tissue so that fiber direction was parallel to the knife edge to avoid compression artifacts. Sarcomere length was measured at midwall, halfway between epicardium and endocar-dium. Previous studies of adult dogs also have used this site for measurement of sarcomere length (Leyton et al., 1971; Spotnitz et al., 1966; .
Thin sections were examined in a carefully calibrated Phillips EM 300 electron microscope. Five electron micrographs at a final magnification of 20,000 were obtained for each sample, and two samples were cut for each site studied. Detailed sarcomere structure was then examined in each of the 18 hearts and sarcomere length and bandwidths were determined employing 20 to 30 measurements per sample. Sarcomere length was taken as the center-to-center distance between adjacent Z lines. Sarcomere length was standardized to an A band of 1.5 jun, and variation was generally less than 0.05 fan. Ventricles were divided into three groups according to filling pressure (0-5 mm Hg, 6-15 mm Hg, and 16-30 mm Hg). Mean fixation pressure, fixation volume, and sarcomere length were calculated for each group. Results were compared with corresponding data for adult dogs by Student's ttest.
Significance of compliance changes was assessed by exponential curve fitting to pressure-volume curves at pressures greater than 5 mm Hg (Texas Instruments TI-59 programmable calculator) (Diamond et al., 1971) .
Constants b and m in the exponential P = be mV (where P = pressure, V = volume) were determined for all pressure-volume curves. Average values of b and m were then calculated for immature and adult dogs, and differences were tested for statistical significance with Student's £-test.
Plots of elastic stiffness vs. stress were prepared according to the Mirsky equation (Mirsky and Parmley, 1973) for assessment of passive elastic stiffness in the intact heart.
Results

Compliance
Data are presented for 18 immature canine LV's averaging 8.3 ± 0.3 g in weight from dogs ranging from 1.4 to 1.9 kg in weight. Figure 3 depicts a representative pressure-volume curve. At an intraventricular volume of 0.5 ml, a filling pressure of 0 mm Hg is obtained, whereas a 4.0-ml intraventricular volume corresponds to a pressure of 16 mm Hg. The ventricle becomes less compliant as filling volume increases so that progressively larger increases in filling pressure are recorded for each increment in volume. A negative pressure is required to remove all fluid from the ventricle. The ventricle in Figure 3 was fixed at a pressure of 30 mm Hg with fixation volume, determined by silastic cast, of 4.6 ml ( Table 1) . Extrapolation of the pressure-volume curve presented in figure 3 provides a volume of 4.9 ml at 30 mm Hg pressure. Volumes obtained by pressure-volume curve averaged 0.54 ml larger than those obtained by postfixation silas-tic casts (3.60 ± 0.29 ml vs. 3.06 ± 0.29 ml, P < 0.05 by paired f-test). The correlation coefficient for volume determinations by the two methods was 0.75.
A comparison of pressure vs. normalized volume for the immature and the adult dog (Spotnitz et al., 1966) , is presented in Figure 4 . Volumes have been normalized by expressing intraventricular volume in terms of ml per 100 g of left ventricular weight. Mean data obtained in this study on 18 immature dogs with average left ventricular weight of 8.3 g are compared with pressure-volume curves obtained from 23 adult dogs with average left ventricular weight of 96.4 g obtained in a previous study (Spotnitz et al., 1966) , using similar techniques. At pressures less than 5 mm Hg, the graph shows a close similarity of the mean pressure-volume curves in the immature and adult dogs. At pressures above 5 mm Hg, the curves are increasingly divergent, and the immature ventricles appear stiffer. The tendency toward decreased compliance in the immature ventricles was confirmed by exponential curve fitting to data at pressures greater than 5 mm Hg. The average exponential for the immature heart data is given by P = 0.33 (± 0.06) e 0081 {± 0006) v and for the adults by P = 0.78 (± 0.11) e 0069 (± 0004) v with statistical significance for differences in both the constant and the exponent, P < 0.005. The correlation coefficient for the regression averaged 0.995 ± 0.009 in the immature dog and 0.992 ± 0.011 in the adult. Analysis of elastic stiffness by the technique described by Mirsky (Mirsky and Parmley, 1973 ) yields a stiffness constant, kp = 29.4, for the immature dog vs. that of the adult, k, = 20.2, which is consistent with reduced compliance in the IMMATURE LV 17 SJg.
PRESSURE mm Hg
FIGURE 3
Topical pressure-volume curve of the LV obtained in one of the 18 immature hearts studied. The ventricle becomes less compliant as filling volume increases, so that larger increases in filling pressure are recorded for each increment in volume. puppy ventricle. This difference was not tested statistically.
Geometry
The gross appearance of four bisected LV's with silastic casts used to measure ventricular dimensions and volume is illustrated in Figure 5 . Table 1 presents data obtained from measurements of silastic casts for 16 of the immature LV's studied. Data are broken into three groups on the basis of fixation pressure (group I: 0-5 mm Hg; group II: 6-15 mm Hg; group III: 16-30 mm Hg). Measured dimensions as shown in Figure 2 represent major aortic (AB) and mitral (AM) axes, ventricular circumference (C) at 1/2 AB, and the minor axes (X,Y) at 1/2 AB. With increasing ventricular pressure, the major axes, circumference, and minor axes increase, as can be seen by comparing values for groups I, II, and III. Mean values change between group I and III for AB from 26.0 ± 1.2 to 30.1 ± 1.2 mm (P < 0.05), for AM from 21.1 ± 1.8 to 26.5 ± 1.3 mm (P < 0.06), for C from 45.0 ± 1.8 to 55.8 ± 2.2 mm (P < 0.05), for Xc from 13.1 ± 0.8 to 16.9 ± 0.8 mm (P < 0.05), and for Y c from 15.5 ± 0.2 to 17.2 ± 0.7 mm (P < 0.05). As ventricular pressure and volume increase, the ratio of the minor axes, Y c /Xc changes toward unity. Thus the elliptical configuration of the ventricle proceeds to a shape more closely approximating that of a sphere. The ratio of AB to either minor axis decreases with increasing pressure, indicating that diastolic ventricular enlargement occurs to a larger extent in the direction of the minor axes as opposed to an apex-to-base direction. Figure 6 compares the low power electron microscopic structures of the immature and adult dog hearts. Both fields are characterized by preservation of architecture and clearing of the coronary arteries with fixative. Sarcomere length is extremely uniform in both fields. The immature myocardium is distinguished by smaller cell size.
Sarcomere Length
Representative fields used for measurement of sarcomere length are illustrated in Figure 7 . Sarcomeres measured 2.2 jum both in the immature LV fixed at 10 mm Hg and in the adult LV fixed at 12.5 mm Hg.
An additional feature in the immature myocar-FIGURE 5 Four LVs fixed in the range of 0-12.5 mm Hg with silastic casts used for measurement of ventricular geometry and fixation volume. L V's are arranged in order by volume. The increase in ventricular radii and cast size as well as the decrease in wall thickness is apparent in going from upper left to lower right. A small pie slice has been removed from the mid anterior free wall for processing and electron microscopy. Figure 8 illustrate multiple ribosome assemblies for protein synthesis, apparent synthesis of new protein filaments at the lateral margins of the sarcomere, and organization of free protein filaments into sarcomeres. Table 2 compares average results in immature and adult LV's broken into three groups on the basis of fixation pressure. In group I, with ventricles fixed at pressures between 0 and 5 mm Hg, no statistical differences are found in values for fixation pressure, normalized fixation volume, or sarcomere length. In group II with fixation pressure between 6 and 15 mm Hg, no statistical differences are found in values for fixation pressure or sarcomere length. However, there is a statistically significant difference for normalized fixation volume, 56.5 ±7.1 ml/ 100 g LV weight in adults and 40.7 ± 4.2 ml/100 g LV weight in immature dogs. In group HI, with ADULT LV fixation pressure between 16 and 30 mm Hg, there is no statistical difference in fixation pressure or in normalized fixation volume. However, there is a statistically significant difference in sarcomere length, 2.32 ± 0.01 fan in adults and 2.21 ± 0.05 fim in immature hearts (P < 0.05). Average A-band length in the immature heart was 1.41 ± 0.0 pm.
Discussion
In this study, pressure-volume curves have been obtained in the intact LV of 3-to 4-week-old dogs. These curves closely resemble those previously reported for the LV of the adult dog (Spotnitz et al., 1966) . Reproducibility was insured by repeated measurements. The fixation technique was validated by comparison of fixation pressure and postfixation volume, measured by silastic casts, with the original pressure volume curves obtained for indi-vidual dogs. Electron microscopic examination of tissue from the region of the anterior descending branch of the left coronary artery reveals adequate preservation of cellular structure. Sarcomere length measurements were made in the middle layer, previously reported most representative of overall myocardial sarcomere length (Leyton and Spotnitz, 1971; Sonnenblick et aL, 1967; Spotnitz et al., 1966) .
Compliance
The most satisfactory method of analysis of compliance changes was provided by fitting exponentials to the individual pressure-volume curves and then performing statistical analysis to the base and exponential constants. This approach is based on the observation of Diamond et al. (1971) that adult pressure-volume curves are well described by exponentials fitted at pressures greater than 5 mm Hg. Present results are consistent with that observation in both the adult and immature ventricles, the correlation coefficients for the fitted curves averaging 0.995 in the immature dogs and 0.992 in the adults. As indicated in the Results, the difference for the fitted exponentials was highly significant (P < 0.005) and consistent with reduced compliance of the immature ventricles. Corresponding average pressure-volume data normalized to ml/100 g LV weight are illustrated in Figure 4 . Table 2 also suggests that compliance is decreased in the immature LV relative to the adult. In group II, ventricles fixed at 11.6 ± 1.8 and 11.2 ± 1 . 1 mm Hg, there is a statistically significant difference in normalized fixation volume, 56.5 ±7.1 in adults and 40.7 ± 4.2 ml/100 g in immature dogs; the LV of the immature dog is stiffer and requires smaller relative volumes to achieve a given filling pressure. A similar trend is apparent in group HI with fixation volumes of 46.8 ± 4.7 and 65.4 ± 8.6 ml/100 g LV at fixation pressures of 25.0 ± 2.9 and 24.2 ± 1.4 mm Hg for immature and adult ventricles, respectively. The differences in volume in group III are not statistically significant, due to the small number of observations. Previous investigators have evaluated age-related changes in LV compliance in a variety of species. Romero et al. (1972) have reported a trend toward reduced compliance in immature lamb hearts. Fetal (138 ± 3 days gestational age with 147day average gestational age at term) LVs were significantly stiffer than newborn (1-25 days) or adult (1-3 years) LVs. Korecky et al. (1974) reported a statistically significant reduction in com-pliance in young rat (1 month) LVs as compared to adult (7 months) and old rat (17 months) LVs. However, other authors have not confirmed this trend toward increased stiffness of the immature LV. Lee and Downing (1974) evaluated newborn piglets (2-4 days) and adult swine as well as kittens (9 weeks) and adult cats. They found no age-related differences in LV compliance. Templeton et al. (1975) have evaluated changes in young beagles (28 ± 2.4 months) and old beagles (123 ± 20.3 months). Compliance in functioning canine LVs was decreased in the older dogs. Mirsky (1976) has evaluated several of the above studies using his definition of elastic stiffness. The data of Romero et al. (1972) thus were reinterpreted to reveal increased stiffness and decreased compliance in the adult at all but low levels of strain. This conclusion is at variance with that of the original authors. Similar analysis of Lee and Downing's data (1974) suggested increased elastic stiffness of the piglet relative to the adult pig, although no significant differences in immature and mature cats could be found. Evaluation of Korecky's data (Korecky et al., 1974 ) using Mirsky's definition of elastic stiffness confirmed the authors' initial conclusion that compliance is decreased in the immature rat LV. Elastic stiffness constants calculated by application of Mirsky's method to our data are 29.4 and 20.2 for immature and adult dogs, respectively. This difference, suggesting reduced compliance of the immature ventricle, was not tested statistically.
The data thus seem to be inconclusive regarding the relation of compliance to age. Mirsky (1976) has suggested that the problem may be species related. An alternative explanation is that the specific age of the animals being studied is of significance. It thus is possible that, whereas changes in growth and development related to cell size would increase LV compliance early in an animal's lifetime, changes related to senescence, such as cell dysfunction and scar formation, may again reduce LV compliance late in life. Our own results therefore are not viewed as directly conflicting with Templeton's analysis in which 29-and 123-month-old beagles were compared. Korecky's analysis (Korecky et al., 1974) of 1-month-old rats with decreased LV compliance relative to rats more than 7 months old is confirmed by Mirsky and supports our data. Anal-ysis of Lee and Downing's pressure volume data for the piglet by the Mirsky method confirms significantly decreased compliance in the immature animal. Lee and Downing's failure to find a significant difference in compliance between 9-week-old and adult cats, even with application of Mirsky's method, could reflect the fact that the kittens were too old and that significant maturation already had occurred. The only data at odds with this concept are those of Romero et al. (1972) when analyzed by the Mirsky elastic stiffness equation. Since Mirsky's analysis indicates stiffness is higher in adult lambs, whereas the authors' own analysis suggested decreased compliance in the immature lamb heart, positive conclusions may require additional study. The smaller cell size in the immature dog hearts observed in the present study has been noted previously in other immature animals, the ratio of cell size in the mature to immature animal being reported as greater than 2:1 in man (Roberts and Wearn, 1941) , dog (Munnell and Getty, 1968) , rat (Rakusan and Poupa, 1963) , and rabbit (Shipley et al., 1937) . The relation of cell size, shape, orientation, and intercalated disk anatomy to compliance is speculative at present.
Geometry
Average LV dimensions in the immature heart presented in Table 1 reveal that as fixation pressure and volume increase, the minor axes X and Y approach each other in length. The equatorial left ventricular cross-section thus shifts from that of an ellipse (Y:X = 1.2 at 2.5 mm Hg) toward that of a circle (Y:X = 1.0 at 25 mm Hg). Also the increase in the minor axes is relatively greater than that of the major axis reflected in the decrease of the ratio AB/Xc (2.0 at 2.5 mm Hg vs. 1.8 at 25 mm Hg). Although the ventricular shape becomes more spherical with increasing filling pressure, it remains a close approximation of an ellipsoid of revolution with 2:1 asymmetry.
Using a ventricular weight scale factor, our LV cast dimensions can be compared with those obtained by Ross et al. (1967) in adult dogs. A close similarity of ventricular geometry between the immature and mature canine LV results. For example, values for AB, AM, C, X*, Y c in six adult LV's with a mean fixation pressure of 9 mm Hg group I, p 416) were compared with our data for eight immature LV's with a mean fixation pressure of 11 mm Hg (group II, Table 1 ). The scale factor used is based on the cube root of the ventricular weight ratio, i.e. (95.5/7.4) 0 -33 = 2.34. The scaled values for adult and immature cast dimensions measured in millimeters are, respectively, AB 6.48 vs. 6.51, AM 5.82 vs. 5.45, C 12.6 vs. 11.6, Xc 3.3 vs. 3.5, and Y c 3.67 vs. 3.80 .
The models used for analysis of LV compliance in the present study are based on the assumption of an ideal spherical LV geometry. Variation from this ideal contributes to error. However, since present data indicate that variations from the spherical model are the same in the immature and adult LV, the comparison of compliance between immature and mature canine hearts appears justified.
Sarcomere Length
In our examination of sarcomere length and ultrastructure, evidence of H zones reflecting overstretch (Huxley and Hanson, 1954) were not seen. Sarcomere lengths varied from a minimum of 1.80 /im to a maximum of 2.24 fim. The changes in I bandwidth with changing sarcomere length are in agreement with the sliding filament hypothesis. Observed variations in the A bandwidth did not correlate with normalized sarcomere length and were thought to reflect shrinkage during tissue processing and exposure of samples to the electron beam. Average A bandwidth was 1.41 ± 0.01 jim in the immature heart. The present results are consistent with the view that fixation pressure is more closely related to sarcomere length than is volume in normal ventricles of varying size (Spotnitz et al., 1966) . Geometric analysis indicates that midwall stress is identical in ventricles of varying size if shape, interventricular pressure, and ratio of endocardial radius to wall thickness (r/h = k) also are identical (Sandier and Dodge, 1963; Spotnitz and Sonnenblick, 1973) . The principle also permits comparison of compliance by normalization of volumes (Spotnitz and Sonnenblick, 1973) .
Our value for midwall sarcomere length in the immature dog 2.19 ± 0.02 jum at 10-12.5 mm Hg, within the physiological range of working pressures, has been shown in previous studies of skeletal muscle (Carlson et al., 1961) and cat papillary muscle (Sonnenblick et al., 1963) to produce optimal overlap of actin and myosin filaments for maximal force generation. The values thus are consistent with the Starling mechanism. Sarcomere length is substantially shorter 2.21 ± 0.05 /im in the immature LV fixed at 24 mm Hg than 2.35 ± 0.01 ftm in the adult LV fixed at 25 mm Hg (group III, Table 2 ). Sarcomeres hence appear to be protected better against overstretch at higher pressures in the immature than in the adult heart. Possible explanations for this protection include decreased compliance in the immature heart or an increased tendency toward slippage of myofibers in it, although ultrastructural evidence of slippage was not observed in this study. The pericardium also is thought to protect the heart against overdistension and reduces effective compliance of the LV (Spotnitz and Kaiser, 1971 ). Since the present study was performed after pericardiectomy, the degree of protection against myocardial overstretch by the integral unit of heart and pericardium could be greater than that manifested by the left ventricle alone.
Recently, attention has focused on measurements of sarcomere length in vivo (Grimm, 1976; VOL. 44, No. 5, MAY 1979 Julian and Collins, 1975; Pollack and Huntsman, 1974; Winegrad, 1974) in view of possible shrinkage during dehydration and embedding techniques required for electron microscopy. (An average A band of 1.41 ± 0.01 nm in the present study is thought to reflect such shrinkage.) Studies on living mammalian cardiac tissue have produced variable reports of sarcomere length at maximal force generation (Lm«) ranging from 2.2 to 2.38 jum (Julian and Collins, 1975; Pollack and Huntsman, 1974) . Our data for sarcomere length in the immature dog, 2.19 ± 0.02 ftm in the physiological range of 10-12.5 mm Hg left ventricular end-diastolic pressure, were derived using the histological techniques required for electron microscopy. This value correlates well with a value of sarcomere length of 2.2 fim obtained by electron microscopic techniques at maximal force generation in cat papillary muscle (Sonnenblick et al., 1963) . The methods used for calibration of sarcomere length measurement in fixed tissue in our study and others (Leyton et al., 1971; Sonnenblick et al., 1967; Spotnitz et al., 1966) involve standardization of sarcomere length to an A bandwidth of 1.5 (im (i.e., SL measured X 1.5/A bandwidth = SL reported). If the A bandwidth of 1.5 is itself an underweighted value, our data must be corrected. However, an A bandwidth and its constancy are controversial (Huxley and Niedergerke, 1958; Page and Huxley, 1963; Winegrad, 1974) . The controversy over true A bandwidth could affect our data in that a correction from 1.5 to 1.6 /un would change our sarcomere length values from 2.2 to 2.4 fan and clearly encompass the entire range of values reported for sarcomere length at maximal force generation by light microscopists. The techniques used in this study, however, provide a reproducible basis for the comparison of sarcomere length in immature and adult dogs, since the methods employed in the studies are essentially the same. Similarly, conclusions relative to sarcomere length at L™, are internally consistent in those studies normalized to a 1.5-/un A band.
In assessing the relevance of midwall sarcomere length to "optimal" left ventricular performance, it may be significant that additional increases in enddiastolic pressure above 12 mm Hg may increase sarcomere lengths in the epicardial regions toward the optimum (2.2 /nm or greater) without excessive overstretch of sarcomeres closer to the endocardium. This view of ventricular performance as the summation of a distribution of preloads may explain improved ventricular performance often clinically observed at LV end-diastolic pressure > 12 mm Hg.
There has been significant histological evidence for active synthesis and assembly of sarcomeres in immature canine hearts. It has been suggested (Legato, 1972) that the Z substance of the sarcomere is essential in providing a source for the production of new contractile units. Our electron micrographs show multiple ribosome assemblies for protein synthesis of myofilaments, organization of free fila-ments into assemblies, and diffusion of the structure of the Z-line. Similar histological observations have been reported in studies of experimental ventricular hypertrophy (Bishop and Cole, 1969) .
Influence of Method Variations
Since certain technical differences may have systematically affected results in one experimental group, it is important to examine these influences. Pressure-volume curves in the adult dogs were obtained by sealing the mitral orifices with a large clamp (Spotnitz et al., 1966) , whereas, in the immature dogs, a remnant of atrium was sealed around a catheter, avoiding distortion of the mitral annulus. The influence of this effect should tend to make the adult ventricle appear less compliant relative to the immature one, thereby making the reported increase in compliance of the immature heart appear less significant than if identical methods had been employed. Sarcomere dimensions are not thought to be affected, because of minimal distortion in the sampling region. The fixation technique employed for the immature hearts is essentially identical to that described by Ross et al., (1967) for "diastolic" hearts, the exception being that adult hearts were fixed in situ by Ross. Casts analyzed for changes in dimensions in both the adult and immature dog, however, were obtained from pericardiectomized hearts free of restraining clamps on the mitral or aortic orifices during fixation, with a large volume reservoir used to avoid pressure transients during fixation by glutaraldehyde coronary perfusion. Accordingly, no systematic errors are attributed to the comparison of measurements of ventricular casts.
